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AUTOMATED SYSTEM FOR COLLECTING
TISSUE SAMPLES, AND CORRESPONDING
METHOD AND COMPUTER-READABLE
MEDIUM

FIELD OF THE INVENTION

The field of the invention is that of the sampling of tissue
samples from animals.

More specifically, embodiments of the invention relate to
a system for collecting tissue samples, such as meat tissues
on carcasses, for example in the food industry. Embodiments
of the invention also relate to methods for collecting tissue
samples, and to a non-transitory computer-readable medium
comprising program instructions to execute at least one step
of said methods for collecting tissue samples.

BACKGROUND

Tissue sampling devices are used in the meat industry to
take a sample of tissue from a carcass, which sample can
then be used to extract carcass-specific DNA which may be
used to determine carcass-specific information, for example
the source of the meat (i.e. country, herd, farm, abattoir), or
to determine the source of a microbial pathogen.

Tissue samples can be taken manually at an abattoir.
However, this manual process is an intensive process,
exhaustive for the operator. This process is also not always
consistent and is prone to error.

It thus has been proposed to automate the collection of
tissue samples.

However, such automated systems still need to be
improved. For example, to further enhance the number of
collected samples per time unit, while still avoiding the
contamination of the different samples.

SUMMARY

At least one embodiment of the invention proposes a
novel solution that does not have all the drawbacks of the
prior art, in the form of a system that can automatically
collect tissue samples, including a succession of animal
tissue samples.

According to at least one embodiment, said system com-
prises:

a robotic system, comprising:

a robotic arm,
at least one camera, configured to detect a sampling
location on an animal,

at least one sample handling assembly, comprising:

at least one magazine mounting assembly, configured
to support at least one supply magazine and at least
one return magazine, where this supply magazine is
configured to receive at least one multi-well tray
comprising a plurality of sampling devices detach-
ably mounted in the wells of this tray, and where this
return magazine is configured to receive this tray,
comprising said plurality of sampling devices with
collected samples,

at least one supply line, configured to convey this tray
from the supply magazine to at least one sampling
station, and from this sampling station to the return
magazine,

this sampling station, located at a position accessible by
the robotic arm,

at least one reader configured to obtain an identifier of this

tray,
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at least one processor, operably coupled to the robotic

system, to the sample handling assembly, and to the

reader, configured to:

drive this sample handling assembly to convey the tray
from the supply magazine to the sampling station,

drive the robotic arm to grab a sampling device from a
well of this tray,

drive this robotic arm to scrape a scraping portion of the
sampling device against the animal,

obtain and store an identifier associated with the ani-
mal, the identifier of the tray, and the location of the
well within the tray,

drive the robotic arm to replace this sampling device
with the collected sample within the same well of the
tray, and

drive the sample handling assembly to convey the tray
from the sampling station to the return magazine.

This system for collecting tissue samples is a novel
configuration of an automated sampling system, which may
be fully automated. It allows reliable identification/indexing
of the animals and of the collected samples, with no risk of
contamination of the samples. This collection system rep-
resents a solution to manual swabbing for DNA analysis.
Said collection system may be incorporated in a general
factory system, such factory system being part, for example,
of the slaughterhouse where are implemented sampling
operations, and comprising a line carrying the carcasses to
be sampled (for example suspended on carrying hooks).

The identifier associated with the animal (for example the
identifier of the animal, or of a hook on which the animal is
suspended) can be obtained by the reader which reads the
identifier of the tray, or can be obtained by a second reader,
which belongs to the factory system.

In particular, one embodiment of the invention proposes
a system that can automatically collect tissue samples,
including lean tissue samples, from animals on high
throughput lines. For example, such collection system aims
at processing between 1 and 600 animals per hour, for
example more than 400 animals per hour, and also for
example 420 animals per hour.

In one embodiment, the robotic arm of the system com-
prises a pressure sensor, configured to measure the force
applied to the animal by this robotic arm during sampling.

Thus, the robotic arm may be used to scrape the sampling
device against the animal, with enough force and ensuring
sufficient contact between said arm and the animal. This
represents an automated and reliable way to detect when and
if a sample has been correctly collected by the robotic arm.

In one embodiment, the system is configured to receive
information from at least one presence sensor.

According to a specific embodiment, said presence sensor
may be for example part of the general factory system,
already present in the slaughterhouse or other plant where
the sampling operations are implemented.

However, according to another specific embodiment, said
presence sensor may be part of the collection system.

For example, such information comprises “presence”
information, allowing the collection system to detect that an
animal is in a detection range. Such information can also
comprise “orientation” information, allowing the collection
system to check if the animal is correctly orientated for the
sampling.

Such information can be sent by a wire or wireless from
the presence sensor to the collection system.

The collection system in accordance with at least one
embodiment may be powered on only when “presence”
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information is received, i.e. when the presence of an animal
is detected, allowing low energy consumption.

The presence sensor can be for example a laser range
finder, a limit switch, a camera, a motion sensor, a trigger,
etc, configured to check that an animal/carcass is present
and/or is coming—i.e. enters into the detection range, and/or
is correctly orientated. The presence sensor is also config-
ured to send this information to the system for collecting
tissue samples.

In one embodiment, the system comprises at least one
detector, or more generally detection means, configured to
detect when all the sampling devices within the tray have
been used to collect a tissue sample.

For example, the detector activates the processor to con-
vey this tray from the sampling station to the return maga-
Zine.

The detector corresponds to an automated way to detect
that a tray is full of collected samples. There is thus no need
for a manual intervention of an operator, and also no need
for a manual check. The detector is advantageously easy to
implement on the collection system. According to one
embodiment, the detector may be a counter, allowing count-
ing of the number of samples taken.

For example, the detector is implemented by said at least
one processor. Indeed, said at least one processor can control
the completion of a tray, as there are a fixed number of
samples and positions.

In one embodiment, the system comprises a first sample
handling assembly and a second sample handling assembly,
and at least one driving element, for driving the robotic arm
to grab a sampling device from a first tray located in a first
sampling station of the first sample handling assembly and,
when all the sampling devices within the first tray have been
used to collect a tissue sample, to alternatively grab a
sampling device from a second tray located in a second
sampling station of the second sample handling assembly.

Thus, uninterrupted automatic sampling operations may
be implemented, allowing good sampling yields. The col-
lection system is efficient and rapid.

In one embodiment, the system comprises a least one
sound and/or lighting device, configured to emit audible
and/or visual indications when a return magazine is full.

This type of device is an efficient way to notify the present
operator that a full return magazine has to be changed for an
empty one. It is also easy to implement on the collection
system during construction of it.

In one embodiment, the camera of the system is linked to
a visual recognition system, configured to distinguish suit-
able sampling areas from bones and fat on an animal. For
example, a suitable sample area is lean, comprising lean
muscle. As alternatives, other sample areas may be fat,
bones, blood and connective tissues.

This allows the system to ensure reliability of the quality
of the samples. Also, an operator can follow the sampling
operations via a screen linked to the camera and make some
verifications if necessary. This subsystem is easy to imple-
ment on the main automated collection system.

In one embodiment, the system comprises a display
system for displaying data, said data comprising for
example: the identifier of animals, the identifier of trays,
and/or the location of the wells within said trays.

This allows the operator to do additional visual control
during sampling operations.

In one embodiment, the system comprises a communica-
tion system for transmitting said data to a remote location.

Communication with a remote element/device, for
another possible control, is thus advantageously possible.
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This remote location may be for example a computer located
next to the collection system, a computer on the network, a
remote server, the cloud, etc.

In one embodiment, the processor is remotely located in
a control room in a dry area and receives said data via cables.

In such a way, sampling operations can be remotely
controlled. Also, the processor is protected from humidity or
possible waste coming from the animals in the slaughter-
house.

In one embodiment, the identifier associated with the
animal and/or identifying the tray can be a visual identifier,
an electronic identifier, or some combination. It could be for
example a sequence of numbers, symbols, a barcode, an
optical code, RFID, etc.

All these types of identifiers are easy to be implemented
on the animals and/or the trays. Also, these types of iden-
tifiers may be easily recognized and recorded by detectors
and/or readers.

In one embodiment, the system is contained in a box, for
example of 2 meters by 3 meters.

The collection system is thus protected inside the abattoir,
and it does not take a lot of space in the main factory system.
For example, the collection system is enclosed in a stainless-
steel frame. In one embodiment, at least the robotic arm, the
camera, and the station(s) are located within the same
stainless-steel enclosure.

In one embodiment, at least one sample handling assem-
bly comprises a removable support configured to support
and convey the tray from the support magazine to the
station, and from the station to the return magazine along the
supply line.

This removable support allows at least one sample han-
dling assembly to reliably and easily convey trays from one
location to another along the supply line. It is also easy to
implement.

In one embodiment, the system comprises a running bar,
configured to orientate said animal in a sampling position.

This running bar ensures that an animal to be sampled is
held in place during sampling operations, to correctly
sample a meat tissue.

In another embodiment, such running bar is not part of the
system for collecting tissue samples, but is part of a general
factory system comprising the collection system in accor-
dance with at least one embodiment of the invention and a
line carrying the animals/carcasses to be sampled.

In one embodiment, the system comprises a light source
to illuminate a carcass with blue light. Thus, the color and/or
shade of lean meat areas of a carcass can be easily and
reliably differentiated from the color and/or shade of fat and
bone areas. Such a light source may be for example a lamp
or a light tube.

In another aspect, at least one embodiment of the inven-
tion provides a method for collecting tissue samples, imple-
mented by at least one processor of a system as described
above, comprising, for at least one first multi-well tray and
at least one sampling device detachably mounted in a well
of this first tray:

driving a first sample handling assembly to convey the

first tray from a first supply magazine to a first sampling
station, located at a position accessible by a robotic
arm,
driving this robotic arm to grab the sampling device from
a well of the first tray,

driving the robotic arm to scrape a scraping portion of the
sampling device against the animal/to collect a tissue
sample,
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obtaining and storing an identifier associated with the
animal, an identifier of the first tray, and the location of
the well within this first tray,

driving the robotic arm to replace the sampling device

with a collected sample within the same well of the first
tray, and

driving this first sample handling assembly to convey the

first tray from the first sampling station to a first return
magazine.

Said method for collecting tissue samples may also
involve a general factory system as presented in relation
with the collection system described hereinabove.

In one embodiment, the first tray is conveyed from the
first sampling station to the first return magazine when all
the sampling devices within the first tray have been used to
collect a tissue sample.

In one embodiment, the method also comprises, for at
least one second multi-well tray and at least one sampling
device detachably mounted in a well of this second tray:

driving a second sample handling assembly to convey the

second tray from a second supply magazine to a second
sampling station, located at a position accessible by a
robotic arm, spatially distinct from the first sampling
location, and

driving the robotic arm to grab sampling devices from the

second tray when all the sampling devices within the
first tray have been used to collect a tissue sample.

In one embodiment, the method also comprises:

detecting, by a camera linked to a visual recognition

system, lean tissue areas suitable for sampling on the
animal, by displaying these lean tissue areas in a
specific color and/or shade, distinct from the color
and/or the shade, or colors and/or shades, correspond-
ing to fat and bones of said animal.

In one embodiment, the method comprises determining an
identifier of the sampling device, from the identifier of the
tray and the position of the sampling device within the tray,
and assigning the identifier of the sampling device with the
identifier associated with the corresponding animal.

For example, the identifier of the tray is extended by the
two digits well reference corresponding to a grabbed sam-
pling device by the robotic arm, to form a unique twelve
digits sample reference number, which is linked to the
identifier associated with the corresponding animal.

In another aspect, at least one embodiment of the inven-
tion provides a multi-well tray configured to receive a
plurality of sampling devices, adapted to be used in a system
for collecting tissue samples as presented hereabove.

In one embodiment, the tray comprises orientation mark-
ers, or more generally orientation means, ensuring a specific
loading of said tray in a specific orientation for sampling
operations.

For example, the tray comprises four corners with one,
two or three cut corners. The tray may comprise a unique cut
corner.

Said cut corner, for example a full height cut corner, can
be used to load a tray in a magazine in said collection system
in a specific orientation.

Thus, the trays all along the magazine are stabilized.
There is only one viable position to put the trays in a
magazine. The coordinates of the wells of the trays during
sampling operations are fixed and reliable. This is especially
advantageous for the tray located on the sampling station.

In one embodiment, the tray comprises temporary reten-
tion means, for example, pin(s), blockers, retainers or a
specific shape of the well to temporarily retain a sampling
device within a well, configured to retain at least one
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sampling device in a well of the tray as long as a force above
a predetermined threshold is not applied to the sampling
device.

These temporary retention means stabilizes and secures
all the sampling devices in a tray. So, if a tray falls over or
when an operator handles the tray, all the sampling devices
keep their position in the wells of the tray.

In one embodiment, at least one well of a tray comprises
an identifier.

For example, a static injection mould cavity number can
be used as an identifier to identify the well. This well’s
identifier may also be an optical code, RFID, or a barcode or
any usual ID means.

According to this configuration, a more secure traceability
of the samples is insured. It is also an easy way to identify
the wells of a tray during the manufacture of it.

In one embodiment, the tray has a length between 125 and
130 mm, a width between 83 and 87 mm, and the depth of
the wells is between 29 and 32 mm. More generally, the
collection system can work with any tray/multiwell plate
standardized for example by the “Society for Biomolecular
Sciences” (SBS).

In another aspect, at least one embodiment of the inven-
tion provides a non-transitory computer-readable medium
comprising program instructions stored therein to execute at
least one step of the method described above.

Other aspects and embodiments of the invention are
defined and described in the other claims set out below.

LIST OF FIGURES

Other features and advantages of one or more embodi-
ments of the invention shall appear more clearly from the
following description of a particular embodiment, given by
way of a simple illustrator and non-exhaustive example and
from the appended drawings, of which:

FIG. 1 illustrates an automated system for collecting
tissue samples in accordance with an embodiment of the
invention, which may be part of a more general factory
system,

FIG. 2 presents an example of a supply magazine and a
return magazine according to FIG. 1;

FIGS. 3A-3C illustrate an example of a tray contained in
a supply magazine according to FIG. 2, wherein:

FIG. 3A illustrates a top view of such a tray comprising
sampling devices,

FIG. 3B illustrates a side view of such a tray comprising
sampling devices, and

FIG. 3C illustrates another side view of such a tray
comprising sampling devices, taken along line II' of FIG.
3B; and

FIG. 4 presents a flowchart of a method for collecting
tissue samples in accordance with an embodiment of the
invention.

DESCRIPTION OF ONE EMBODIMENT OF
THE INVENTION

Aspects of the invention disclosed herein relate to the
automation, including complete automation, of a system for
collecting animal tissue samples, including a succession of
tissue samples. For example, collection system and method
in accordance with an embodiment of the invention allow
the automated loading of a multiwell tray containing sam-
pling devices in a fixed location suitable for the robotic arm
of the system to take a sampling device. A collection system
and method in accordance with an embodiment allow the
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automated unloading of said tray full of collected samples
from said fixed location. A collection system and method in
accordance with an embodiment of the invention may be
configured to automatically index a scrapped tissue sample
by linking an identifier associated with the animal with the
identifier of the tray and with the location of the well
containing the sampling device used for the sampling of said
tissue on said tray. In some embodiments, the collection
system and method are fully automated. In other embodi-
ments, only parts of the collection system and method are
automated.

In embodiments, the invention includes an automated
robotic system, equipped with a robotic arm. The end of this
robotic arm is configured to engage a tissue sampling device
seated in a well of a multiwell tray. Said tray is automatically
conveyed along a supply line of the collection system. For
example, a tray may be de-nested from a supply magazine
located on a magazine mounting assembly, and moved to a
fixed location where it is held in place during the robotic arm
interaction. After this robotic arm has scrapped a sampling
device against the animal and collected a tissue sample, it
replaces said sampling device in the same well of the tray.
The collection system is also able to receive an identifier of
the animal from the same reader that reads the identifier of
the tray, or by a second reader, and link the identifier of the
scrapped animal with the identifier of the tray and with the
coordinates of the well on the tray containing the sampling
device used to collect the sample. The coordinates of the
well can be relative to the location of said well inside the tray
(for example, the well located at the intersection of the third
line and the fourth column of the tray). The collection
system is then able to automatically unload this tray from the
fixed location and convey it to a return magazine on the
magazine mounting assembly, for example once the multi-
well tray is entirely completed with scrapped meat samples.
Such robotic system, comprised in the collection system,
may be included in a more general factory system of a
slaughterhouse or plant, comprising a line carrying the
carcasses. A camera and a presence sensor can be involved
in the detection of an animal in a predetermined sampling
range in the system, such presence sensor being part of the
factory system and/or part of the collection system.

We present below an embodiment of the invention, imple-
mented to collect tissue samples from a carcass of an animal,
for example at slaughterhouses. It should be noted that the
collection system according to an embodiment of the inven-
tion can also be implemented on live animals, that could be
directed to the sampling robot by dedicated gates.

Referring now to FIG. 1, an automated system 1 for
collecting tissue samples of animal carcasses, for example a
succession of tissues samples, according to an embodiment
of the invention is presented. This automated collection
system can be part of a general factory system.

Such a collection system 1 comprises at least one sample
handling assembly.

In the embodiment illustrated in FIG. 1, the collection
system 1 comprises two distinct sample handling assemblies
11, 11'. However, such a collection system can comprise
only one sample handling assembly (not illustrated), or more
than two sample handling assemblies (not illustrated). For
example, the implementation of more than one sample
handling assembly in the collection system allows uninter-
rupted automatic sampling operations, consequently leading
to good sampling yields. During operation, when one tray
located in a first sampling station is full of collected samples
and is returning back to a first sample handling assembly, in
the return magazine, the robotic arm of the collection system
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does not need to wait for a second tray of this first sample
handling assembly to be placed of this first sampling station.
It can focus on a tray located in a second sampling station
and coming from a second sample handling assembly. Each
of these sample handling assemblies 11, 11' comprises a
supply line 111, 111', on which is mounted a magazine
mounting assembly 110, 110". Such a magazine mounting
assembly 110, 110" is configured to support a supply maga-
zine and a return magazine. A magazine mounting assembly
can comprise one or more horizontal handles, to facilitate its
transport. The supply line 111, 111' comprises, for example
at one of its extremities, a sampling station 112, 112',
configured to support a tray, coming from the supply maga-
zine. Each of the sample handling assemblies 11, 11' of the
collection system can also comprise a mobile support, such
as a trolley, located along the supply line 111, 111", to support
a tray when it is conveyed from the supply magazine to the
station 112, 112', for the robotic arm 101 to pick up sampling
devices.

The collection system 1 is thus also equipped with a
robotic system 10 comprising a robotic arm 101, configured
to take a sampling device located on a tray, when the tray is
located on one of the sampling stations 112, 112'. Said
robotic arm 101 can present various degrees of freedom, for
example six degrees of freedom. Said robotic arm 101 can
be in various positions, for example in a pick-up position
101a, in a swiping position 1015, or again in an idle position
101¢. The arm in the pick-up position 101a can hold a
sampling device at its proximal handling portion and extract
it out of the multiwell tray. Indeed, the end of the robotic arm
can be structurally configured to fit with the proximal
handling portion of sampling device. The arm in the swiping
position 1015 can suitably move to direct itself towards the
location detected by the processor for any operation. The
arm in the idle position 101c¢ is in a position suitable to wait
for an operation. Said robotic system 10 is also equipped
with a camera 102, allowing the visualization of an
approaching carcass. Said camera can be linked to a visual
recognition system, thus allowing the visualization of the
suitable sampling area on the carcass, once it is correctly
positioned for sampling.

The robotic arm 101 of this collection system 1 can be
equipped with a pressure sensor. This allows the system to
measure the force applied by the robotic arm 101 when it has
scrapped the scrapping end of a sampling device against a
carcass. Thus, the robotic arm 101 is able to apply the
necessary force against said carcass to realize a suitable
sampling, for example to scrap enough meat tissue. This
applied pressure may be previously configured, and fixed
during sampling operations. But said pressure may also be
dynamically adjusted in real time by a visual recognition
system and machine learning algorithms, to achieve reliable
consistent samples.

The collection system 1 can detect that an animal/a
carcass is present upon reception of information coming
from a presence sensor. This presence sensor enables the
detection of an animal within a specific area or range, such
as within a predetermined distance of the system, and then
sends the corresponding information to the collection system
1. According to one example, said specific area corresponds
to an area where the carcass is in front of the robotic arm,
or to a certain area determined by the camera system. This
presence sensor can take the form of a laser range finder,
configured to check that a carcass is present in said area or
range. It is also able to determine that a carcass is entering
said area or range. This presence sensor can also take the
form of a limit switch, configured in the same way as the
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laser range finder. This presence sensor may also be for
example a camera (which can be the same as the camera
used to detect a sampling location on the animal or another
camera), a motion sensor, a trigger, etc.

The collection system 1 can also comprise at least one
detector, allowing it to determine that all the sampling
devices of a tray located in one station 112, 112', and having
been considered by the robotic arm 101, have indeed been
used to collect tissue samples from carcasses. For example,
the collection system knows the number of sampling devices
per tray (parameter input by an operator, or previously stored
in a memory of the system, or read from the tray, etc.). The
detector, via for example the processor of the collection
system, can thus count the number of sampling devices
grabbed by the robotic arm, and when the number is equal
to the number of sampling devices per tray, decide that all
the sampling devices of a tray have been used to collect
tissue samples.

The collection system 1 can also be equipped with at least
one device configured to emit a sound and/or a light. This
device is useful to alert an operator, or other person present
near the collection system, that a supply magazine has been
emptied of its fresh trays, and that the corresponding return
magazine is full of said trays, which have been used to
collect samples. Thus, this sound and/or lighting device may
alert an operator that these magazines have to be changed for
new ones.

The collection system 1 also includes a processor. It is
operably coupled to the robotic system 10, to the at least one
handling assembly (for example two sample handling
assemblies 11, 11' as illustrated in FIG. 1), and to a reader
12. In the example of FIG. 1, said reader is configured to
obtain the identifier of the tray located on the station 112,
112" and accessible by the robotic arm 101 to scrap said
carcass with a sampling device of said tray. This processor
can be remotely located in another area, like a control dry
room, to be protected for example from moisture, blood or
liquids which can flow from the carcasses. Information
captured by the collection system 1 can be sent to the
processor via various means, for example via cables or
Internet. Such captured information are for example the
detected identifiers of the carcasses, of the multiwell trays,
and the location of the wells on said trays from which
sampling devices have been removed. The processor is also
configured to link at least these three pieces of information,
for a reliable traceability of the carcasses and the collected
samples.

Also, this automated robotic system 10, with the robotic
arm 101 and the camera 102, can be itself protected, for
example by being placed in a box/an enclosure. In such a
configuration, this enclosure has an opening on the front side
facing the line(s) conveying carcasses for the robotic arm
101 to take the sample and for the camera 102 linked to the
visual recognition system to identify the suitable sample
location on the carcasses.

This collection system 1 can comprise a display system,
which displays data comprising the identifiers of carcasses
and trays corresponding to said carcasses, and the location
of the wells comprising the sampling devices used to scrap
said carcasses. Other data may be displayed on this display
system, like for example data relating to the animal when he
was living, data relating to the destination of the meat of the
carcasses after sampling or data relating to the filling level
of'the tray with collected samples. The collection system can
also be equipped with a communication system, notably
configured to transmit said displayed data to a remote
location, via for example the internet.
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This collection system 1 may also comprises a fixed and
static running bar, configured to ensure that the carcasses
which pass in front of it during sampling operations are
correctly orientated and not swinging. Thus, said running
bar may be located in the predetermined sampling area.

In another embodiment, such running bar is not part of the
collection system, but part of the overall factory system.

The size of the collection system 1 presented in FIG. 1 can
be limited to avoid taking up space on the abattoir line. For
example, it thus does not take up more than 2 m of line, and
has a maximum footprint of 2 mx3 m.

Referring to FIG. 2, an example of a supply magazine 20
and a return magazine 21 adapted to be mounted on a
magazine mounting assembly 110 according to FIG. 1 is
presented.

Such a supply magazine 20 comprises a framework 202
which can be made of metal, plastic or other similar mate-
rials. In this example, said framework 202 is made of ridged
stainless-steel bars. This framework 202 is made in such a
way that a stack of multiwell trays 201 can be placed and
contained within. For example, the stacks of multiwell trays
201 arrive in the collection system in supply boxes, where
each box contains 6 stacks of trays 201, and each stack of
trays 201 contains 16 multiwell trays. In the boxes, the trays
of a stack of trays 201 are strapped together with a handle,
for manual handling. This configuration allows an operator
to easily place a stack of multiwell trays 201 from the supply
box to a supply magazine 20.

A return magazine 21 presents the same framework’s
structure 202 as the supply magazine 20, except that said
return magazine 21 is not filled with a stack of trays.

Referring to FIGS. 3A-3C, an example of a tray 30
contained in a supply magazine 20 according to FIG. 2, via
a stack of trays 201, is presented.

In the example illustrated in FIGS. 3A, 3B and 3C, the
tray 30 presents a rectangular structure. This structure pres-
ents a length between 125 and 130 mm, a width between 83
and 87 mm, and a depth of the wells is between 29 and 32
mm. It can comprise 96 wells, each configured to contain
sampling devices 31. These wells are manufactured in such
a way that, when a sampling device 31 is correctly placed in
a well, it cannot be removed, unless a force above a
predetermined threshold is applied to said sampling device
31. For instance, external “fins” can be provided on the
sampling devices to provide friction fit of the sampling
device in the well, while the sampling device is inserted into
the well. Thus, for example, when a tray 30 or a stack of
trays 201 falls down and overturns, the sampling devices 31
placed in the wells of a tray 30 remain in place inside said
wells. This is allowed by temporary retention means linked
to said wells.

However, this multiwell tray may also be implemented
separately from the collection system previously described.
It may be implemented alone, in another collection system,
or in any other kind of systems.

Also, a tray 30 comprises four corners, and one of them
has a cut corner 32, for example a full height cut corner 32.
This configuration allows for example the loading of said
tray 30 in the metallic framework 202 of a supply magazine
20 according to a unique specific orientation. Thus, the
filling of the supply magazines 20 is simplified, and the
robotic system 10 can easily and correctly identify the
recorded coordinates of the wells of a tray 30 when such a
tray 30 is placed on the sampling station 112, 112".
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However, the loading of the trays according to a unique
specific orientation may be implemented thanks to other
features, for example by the way of specific colors, shapes
or sizes for these trays.

All the trays 30 implemented in the supply magazines 20
of this collection system 1 comprise an identifier. Each well
of said trays 30 can also comprise an identifier, for example
a static injection mould cavity number, in order to identify
each well of a tray 30. This allows for a more reliable
traceability of the collected samples.

Referring to FIG. 4, a flowchart of a method 4 for
collecting tissue samples according to an embodiment of the
invention is presented. This method can be implemented by
the collection system 1 presented in FIG. 1.

According to a preliminary configuration, before the
robotic system 10 of FIG. 1 can be automatically operated,
at least one magazine mounting assembly has to be loaded
with a supply magazine and a return magazine.

If we consider the embodiment illustrated in FIG. 1 where
the collection system 1 comprises two distinct sample han-
dling assemblies 11, 11', two magazine mounting assemblies
110, 110' can be loaded each with a supply magazine 20 and
a return magazine 21, at the extremities of the two supply
lines 111, 111" of said collection system 1. For that, the
stacks of trays 201 are firstly brought in supply boxes in a
packaging room in the abattoir. The trays of each stack of
trays 201 in the boxes are strapped together with a handle,
allowing a stack of trays 201 to be manually placed inside
the framework 202 of a fresh supply magazine 20 by an
operator. This filling operation can be realized in a specific
working area of said packaging room.

Once at least one supply magazine has been filled with a
stack of multiwell trays, the straps surrounding the trays are
discarded and the handles are removed.

If we consider the embodiment illustrated in FIG. 1 where
the collection system 1 comprises two distinct sample han-
dling assemblies 11, 11', then for example two fresh supply
magazines 20 could be filled each with a stack of multiwell
trays 201. In other embodiments, not illustrated, the number
of fresh supply magazines can be one or more than two. As
already detailed, the use of two sample handling assemblies,
each filled with one supply magazine filled with a stack of
multiwell trays 201, enable the robotic arm to switch from
one sample handling assembly to the other one, to enable
uninterrupted automatic sampling operations.

These two supply magazines 20 are then each loaded at an
extremity of the supply lines 111, 111' of the collection
system 1. Two empties return magazines 21, which do not
contain any stack of trays, are also loaded at said extremities
of said supply lines 111, 111', for example each behind a
supply magazine 20. Thus, once the collection system is
equipped with the supply and return magazines mounted on
the two magazine mounting assemblies 110, 110", at the
extremities of two supply lines 111, 111', as represented on
FIG. 1, it is configured and ready for sampling operations.

According to a first step 40, the robotic system 10, by the
way of a processor, drives the first sample handling assem-
bly 11 to convey a first tray from the supply magazine 20 of
the first magazine mounting assembly 110 to the first sam-
pling station 112, at the opposite extremity of the first supply
line 111, so that said tray is accessible by the robotic arm
101.

Then, in a step 41, the robotic system 10 drives the robotic
arm 101 to grab a sampling device from the first well of said
accessible tray, this first well being identified and recorded
by the system via its coordinates on the tray.
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For example, said step 41 automatically starts when the
robotic system 10 detects, via information received by the
presence sensor of the general factory system, that a carcass
is located in the specific area or range. This detection, by the
way of information sent to the robotic system 10, can
activate the robotic arm 101 for a sampling operation. At this
stage, the camera 102 of the robotic system 10, linked to the
visual recognition system, also detects the carcass present in
the sampling area/range. The carcass is also displayed on the
display system, so that the operator monitoring and control-
ling the sampling operations can see the carcass and the
sampling process on the screen of this display system.

For example, the line of the factory system that carries the
carcasses is moving continuously. But it may also be pos-
sible that this line stops for a short period of time, for
example for several seconds or milliseconds, corresponding
to the time taken by a sampling device to scrap a suitable
amount of lean tissue on a carcass.

In the next step 42, for example according to a pro-
grammed path executed by the processor(s) of the robotic
system 10, said system drives the robotic arm 101 to scrape
the scraping portion of said sampling device against the
carcass placed in the sampling area, to collect a tissue
sample. In this step 42, the robotic system 10 determines the
suitable sampling area on the target carcass via the camera
102 and the visual recognition system, when the carcass is
moving across the front of the robotic system 10. For
example, lean tissues of the carcass can appear in a first color
and/or shade, and fat and bones can appear in a second color
and/or shade. According to a particular example, fatty parts
of the carcass appear in a whitish shade, whereas lean meat
appears in a reddish shade. Bones also appear in a shade
close to the whitish shade of the fatty parts, even though they
have meat attached. In any case, the color/shade differences
between fat and meat are very clear. Moreover, the carcass
located in the sampling range of the collection system can be
illuminated with blue light, so that the reddish lean meat
areas appear darker than the whitish fat areas. In this way,
the white side is saturated. This color/shade disparity can
thus be used to clearly and easily identify the potential lean
meat sample areas, for example via a specific algorithm,
and/or via the processor of the collection system. Said
potential sample areas can thus be evaluated for position and
size, allowing the selection of a specific optimal area that is
suitable for the robotic arm 101 to come into contact. The
coordinates of this selected optimal area are thus locked and
sent to the robotic system 10.

The collection system is also able to detect that a carcass
does not present areas with lean meat. In such a case, the
robotic arm 101 does not sample said carcass, and the data
relative to said non-sampled carcass and to the correspond-
ing well of the multiwell tray indicates that no viable sample
is present in said well.

Also, according to a specific embodiment, the factory
system may be equipped with a reader (for example a RFID
reader, a camera-based reader, etc.) configured to read the
identifier (for example a sequence of numbers, symbols, a
barcode, an optical code, RFID, etc.) of each hook, or other
equipment, carrying the carcasses that enter in this factory
system. A list is thus populated containing all upcoming
carcasses in the system. Once a carcass enters the collection
system, for example enters in the sampling range of the
camera of this collection system, the collection system acts
to detect a lean meat area. If such a lean meat area is
detected, the robotic arm of the collection system collects a
meat sample in said carcass, and said sample is electroni-
cally associated to the identifier of the carcass. However, if
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the collection system does not detect such a lean meat area,
the robotic arm does not sample the carcass and a piece of
information such as “no viable sample present” for example
can be, in this case, electronically associated to the identifier
of the carcass.

The camera 102 can thus detect the suitable lean tissues
sampling area and sends the coordinates of said suitable area
to the robotic system 10. However, the visualization of the
different tissues of the carcass may appear in more than two
shades.

One example of a suitable sampling area is located at the
top side of the carcass, at the Aitch bone break. This specific
area is mainly relevant regarding the dimensions of the
robotic system 10, and especially regarding the line carrying
the carcasses. Indeed, it was determined that the top side
area of a carcass is a particularly suitable area from a
mechanical perspective. The carcass motion decreases as the
robotic arm approaches from the hook which carries said
carcass, and this specific area is always an area of lean meat,
relevant for further laboratory analysis.

The pressure sensor of the robotic arm 101, that can be
driven by the processor(s) of the collection system, allows
the system to measure the force applied against the carcass,
which ensures that sufficient contact has been made to
collect the tissue sample. In this way, the pressure sensor can
incorporate a pneumatic cylinder in an arrangement set to
provide a consistent pressure by the robotic arm 101 against
the carcass to be scrapped. For example, the sample should
not contain between more than 5% to 15% by weight of fat,
and preferably not more than 10% by weight of fat. Also, an
example of a suitable weight range for such a sample is
between 0,001 mg and 1000 mg, preferably between 0.1 mg
and 500 mg, more preferably between and 1 mg and 100 mg,
and more preferably between 5 mg and 20 mg. Generally, a
suitable sample weight range corresponds to a weight
adapted for downstream analysis/processing on said sample.

According to a next step 43, before, during or after the
sampling of the meat tissue from the carcass, the collection
system obtains and stores the identifier associated with said
carcass, and also the identifier of the tray containing the used
sampling device and the location of the well from which is
taken said used sampling device. The identifier of the
carcass may be read and sent to the robotic system by the
factory system or it may be read by the collection system
directly.

For example, each carcass entering in the factory system
may be provided with an identifier, relating to its live animal
information, for example blood group or diseases during
lifetime. Said identifier may be any of the identifiers
described here, including a visual identifier, an electronic
identifier, or some combination, like for example a sequence
of numbers, symbols, RFID, a barcode or an optical code.
The factory system comprises at least one reader 12, which
detects this carcass identifier, no matter what form takes this
identifier, when said carcass passes in front of it. Thus, the
reader may be a RFID reader, a camera-based reader, or any
kind of reader capable of reading all the forms that the
identifier can take.

The collection system 1 also comprises a reader 12 for
obtaining the ID of the tray.

The collection system then assigns the carcass identifier to
the identifier of the tray located on the station 112 for
sampling and also to the position/the coordinates on the tray
of the sampling device used to collect the sample associated
with said carcass. For example, the trays implemented in the
collection system 1 have each a 10 digits code, which is read
before any sampling operation, for example by a barcode
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scanner. When the collection system links the code of a tray
to the well’s coordinates of the sampling device used against
a carcass, the 10 digits tray number is extended by the 2
digits well reference of the well used for sampling, from 01
to 96, to form a unique 12 digits sample reference number.
This number is then linked to the carcass identifier. These
three pieces of data can be linked, for example, as a time
stamped entry in a stored file, on a local computer, on a
server, or in the cloud. Other data may also be possibly
linked with these three pieces of data, like for example data
relating to the animal when it was living, data relating to the
destination of the meat of the carcasses after sampling, a
potential hook identifier, or again location information relat-
ing to the slaughterhouse.

Each carcass entering the collection system 1 can also, in
addition or as another possibility, have an identifier regard-
ing the hook carrying said carcass throughout the collection
system 1. The hook identifier may be an electronic identifier
(such as RFID), a visual identifier, or some combination. For
example, this identifier can be a unique pattern drilled out of
the shank of the hook, which can especially be a light
pattern. This hook identifier can be read when the carcass
passes in front of the reader 12 of the robotic system 10, and
the reader 12 recognizes at the same time the carcass
identifier.

The identifiers identifying the animals, trays, and hooks
can thus take the form, for example, of number sequences,
barcodes or optical codes.

All these information and identifiers are stored in data-
base. These data can be displayed on paper using a printer
or a recorded, or on another medium such as a disk. The data
may also be electronically transferred via a communication
system to a laboratory where the samples are to be analyzed.

Then, in a step 44, the robotic system 10 drives the robotic
arm 101 to replace the used sampling device containing the
collected sample within the same well.

Indeed, during a sampling operation, the considered tray
is locked in a fixed location on the supply line 111 (the
station 112). Thus, each well of said tray is also in a fixed
location. The robotic system 10 is thus able to determine and
record the coordinates of each well of the tray on the station
112. It consequently guides the robotic arm 101 to pick a
chosen sampling device and to return it to the same location.

The steps 40 to 44 are repeated for all the sampling
devices of the tray located at this first station 112.

In a following step 45, the collection system 1 drives the
first sample handling assembly 11 to convey this first tray
from this first sampling station 112 to the return magazine
21, located behind the supply magazine 20 which initially
comprised said tray. This step 45 can be implemented by the
collection system once all the sampling devices of the first
tray located on the station 112 have been used to collect
tissue samples. This step can thus be operated according to
the detector of the collection system, configured for such a
determination that a tray is full of collected samples.

This step 45 is repeated for all the trays located in the
supply magazine 20 of said first magazine mounting assem-
bly 110.

In a step 46, once the return magazine 21 contains all the
trays initially located in the supply magazine 20, said trays
within the return magazine 21 comprising collected samples,
the sound and/or lighting device of the collection system 1
is activated. An operator is thus alerted that the supply and
return magazines 20, 21 of this first magazine mounting
assembly 110 need to be replaced. However, other ways to
send an alert may be implemented on the collection system,
like for example a text message, an email, or an alert on the
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display of the system. Thus, the collection system may alert
operators who are near it, but also people located further
away. So, these magazines 20, 21 are renewed: a new supply
magazine 20 comprising a new stack of fresh multiwell trays
201 full with new sampling devices is placed at the extrem-
ity of this first supply line 111; and a new return magazine
21, empty, is placed behind said new supply magazine 20.

During this renewal of these magazines 20, 21, all the
steps 40 to 45 of the method 4 for collecting tissue samples
previously described can be implemented for the second
sample handling assembly 11'. The presence of these two
supply lines 111, 111" in the collection system 1 thus allows
uninterrupted sampling operations.

When an entire pair of supply and return magazines 20, 21
has been used for sampling operations, it is removed from
the supply line 111, so that a new pair of magazines 20, 21
can be loaded in this supply line 111. In the packaging room,
and specifically in the working area, the stack of trays 201
of the return magazine 21 is removed from the metallic
framework 202. It is strapped again using a strapping
machine, and handles initially linked to these trays arriving
in the packaging room are replaced. The stack of full trays
201 is then replaced in the supply box, which box is sent to
a laboratory for further procedures, for example DNA analy-
sis of said tissue samples, storage, freezing of said samples,
etc.

The collection system 1 according to an embodiment of
the present invention implements sampling operations at a
speed of between 300 to 420 samples per hour.

The collection system 1 may be cleaned in the abattoir
according to an existing abattoir cleaning regime which
includes for example high pressure hoses, acidic and caustic
washes.

The invention claimed is:
1. A system configured for collecting tissue samples,
comprising:
a robotic system, comprising:
a robotic arm, and
at least one camera, configured to detect a sampling
location on an animal,
at least one sample handling assembly, comprising:
at least one magazine mounting assembly, configured
to support at least one supply magazine and at least
one return magazine,
said at least one supply magazine being configured to
receive at least one multi-well tray comprising a
plurality of sampling devices detachably mounted in
the wells of said at least one multi-well tray, and
said at least one return magazine being configured to
receive said at least one multi-well tray, comprising
said plurality of sampling devices with collected
tissue samples,
at least one supply line, configured to convey the at
least one multi-well tray from said at least one
supply magazine to at least one sampling station, and
from said at least one sampling station to said at least
one return magazine, and
said at least one sampling station, located at a position
accessible by said robotic arm,
at least one reader configured to obtain an identifier of one
of said at least one multi-well tray, and
at least one processor, operably coupled to said robotic
system, to said at least one sample handling assembly,
and to said at least one reader, configured to:
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drive said at least one sample handling assembly to
convey said at least one multi-well tray from said at
least one supply magazine to said at least one sam-
pling station,

drive said robotic arm to grab a sampling device from
a well of said at least one multi-well tray,

drive said robotic arm to scrape a scraping portion of
said sampling device against the animal,

obtain and store an identifier associated with said
animal, the identifier of said at least one multi-well
tray, and the location of the well within said at least
one multi-well tray,

drive said robotic arm to replace said sampling device
with said collected sample within the same well of
said at least one multi-well tray, and

drive said at least one sample handling assembly to
convey said at least one multi-well tray from said at
least one sampling station to said at least one return
magazine.

2. The system according to claim 1, wherein said robotic
arm comprises a pressure sensor, configured to measure the
force applied to said animal by said robotic arm during
sampling.

3. The system according to claim 1, wherein said system
is configured to receive information from at least one
presence sensor.

4. The system according to claim 1, wherein the processor
is configured to detect when all the sampling devices within
said multi-well tray have been used to collect a tissue sample
by counting the number of samples taken.

5. The system according to claim 1, wherein the system
comprises a first sample handling assembly and a second
sample handling assembly, and at least one driving element
for driving said robotic arm to grab a sampling device from
a first tray located in a first sampling station of the first
sample handling assembly and, when all the sampling
devices have been used to collect a tissue sample, to
alternatively grab a sampling device from a second tray
located in a second sampling station of the second sample
handling assembly.

6. The system according to claim 1, wherein the system
comprises a least one sound and/or lighting device, config-
ured to emitting audible and/or visual indications when a
return magazine is full.

7. The system according to claim 1, wherein said camera
is linked to a visual recognition system, configured to
distinguish lean areas from bones and fat on an animal
carcass.

8. The system according to claim 1, wherein the system
comprises a light source to illuminate a carcass with blue
light.

9. A method for collecting tissue samples, implemented
by at least one processor of a system; comprising at least one
first multi-well tray and at least one sampling device detach-
ably mounted in a well of said at least one first multi-well
tray, said method comprising:

driving a first sample handling assembly to convey said at

least one first multi-well tray from a first supply maga-
zine to a first sampling station, located at a position
accessible by a robotic arm,

driving said robotic arm to grab the at least one sampling

device from the well of said at least one first multi-well
tray,

driving said robotic arm to scrape a scraping portion of

said at least one sampling device against an animal to
collect a tissue sample,
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obtaining and storing an identifier associated with said
animal, an identifier of said at least one first multi-well
tray, and the location of the well within said at least one
first multi-well tray,

driving said robotic arm to replace said at least one

sampling device with said collected tissue sample
within the same well of said at least one first multi-well
tray, and

driving said first sample handling assembly to convey said

at least one first multi-well tray from said first sampling
station to a first return magazine.

10. The method according to claim 9, wherein the method
also comprises, for at least one second multi-well tray and
at least one sampling device detachably mounted in a well
of said at least one second multi-well tray:

driving a second sample handling assembly to convey

said at least one second multi-well tray from a second
supply magazine to a second sampling station, located
at a position accessible by said robotic arm, spatially
distinct from said first sampling station, and

driving said robotic arm to grab sampling devices from

said at least one second multi-well tray when all the
sampling devices within said at least one first multi-
well tray have been used to collect said tissue sample.

11. The method according to claim 9, wherein the method
also comprises:

detecting, by a camera linked to a visual recognition

system, lean tissue areas suitable for sampling on the
animal, by displaying said lean tissue areas in a specific
color, distinct from the color corresponding to fat and
bones of said animal.

12. The method according to claim 9, wherein the method
comprises determining an identifier of the at least one
sampling device, from the identifier of said at least one first
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multi-well tray and the position of said at least one sampling
device within the at least one first multi-well tray, and
assigning the identifier of the at least one sampling device
with the identifier associated with each corresponding ani-
mal.

13. A non-transitory computer-readable medium compris-
ing program instructions stored therein for collecting tissue
samples, when the instructions are executed by at least one
processor of a system for collecting tissue samples, wherein,
for at least one first multi-well tray and at least one sampling
device detachably mounted in a well of said at least one first
multi-well tray, the instructions configure the system to:

drive a first sample handling assembly to convey said at

least one first multi-well tray from a first supply maga-
zine to a first sampling station, located at a position
accessible by a robotic arm,

drive said robotic arm to grab the at least one sampling

device from said well of said at least one first multi-
well tray,

drive said robotic arm to scrape a scraping portion of said

at least one sampling device against an animal to
collect a tissue sample,

obtain and store an identifier associated with said animal,

an identifier of said at least one first multi-well tray, and
the location of the well within said at least one first
multi-well tray,

drive said robotic arm to replace said at least one sampling

device with a collected sample within the same well of
said at least one first multi-well tray,

drive said first sample handling assembly to convey said

at least one first multi-well tray from said first sampling
station to a first return magazine.
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